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HOW THE PLANETS ARE PHOTOGRAPHED. 
BY DR. 8. A. MITCHELL, COLUMBIA UNIVERSITY. 

The safe arrival in the United States of 7,000 photo
graphs of the planet Mars is an astronomical event 
of no slllall importance. To transport a delicate lens 
18 inches in diameter from New Hampshire to the 
Andes, to carry this lens and its mounting up to the 
height of 14,000 feet above sea level and there as
semble the many parts into a perfect running machine, 
a powerful telescope, is in itself a gigantic undertak
ing. But when there is added to these almost insur
mountable obstacles the difficulties of existing-we 
can hardly call it living-for a couple of months on 
an arid desert so high above the sea, we can gain some 

small insight into the huge task undertaken by Prof. 
Todd of photographing Mars at its near approach to 
the earth. 

Whether these photographs prove that Mars is in
habited or not, Prof. Todd· and his chief assistant, Mr. 
Slip her, who made all the photographs, are deserving 
of nothing but the greatest praise for overcoming 

great observational difficulties and procuring this 
splendid series of plates made under the greatest of 
bodily discomforts. One does not ordinarily go and 
live in a desert for the sake of having a pleasure 
trip; and the only motive that could have actuated 
Prof. Todd and Mr. Percival Lowell in financing and 
sending out the expedition, was the desire to arrive 
at the truth regarding the interesting markings on 
the planet Mars. 

Those who have never tried to photograph the stars 
can have no idea of the difficulty of the task; but 
when one attempts to portray the planets in detail, 
these obstacles are increased many times. Photog
raphy is no new art. We all of us know how easy it 
is to take a snapshot of a landscape and get a pretty 
picture; why is it then that no serious attempt has 

ever been made before to observe the planets with the 
help of the photographic plate? However, when it is 
mentioned that a huge camera with a lens 18 inches 
in aperture and 25 feet in focal length gives an image 
oj Mars, when it is nearest to the earth and conse
quently at its largest, only 1/25 of an inch or one 
millimeter in diameter, the size of a pin head, one 
sees the utter impossibility of showing any details on 
so small an image, much less to decide whether a given 
mark is a straight canal or some other geographical 
feature. A photographic plate placed at the focus 
of the 18-inch telescope that Prof. Todd used would 
give a picture but one millimeter (0.039 inch) in di
ameter. After such a plate was developed, it could 
of course be enlarged by an ordinary camera, and a 

bigger Martian picture obtained. For a minute study 
of planetary detail this method would lead to results 
of little or no practical i mportance. 

It may be asked, Why not use a telephoto lens on 
Mars? This has led to splendid results in landscape 
work, giving a picture of mountains fifteen to twenty 
miles distant as if they were only a short way off. 
This is in reality the very process used in photo
graphi'ng Mars or Jupiter. A magnifying lens is plac
ed in the telescope just oefore the photographic plate, 

and an enlarged image of the planet is obtained. Prof. 
Todd has used a magnification of about five diameters 
in getting his Andes photographs. A greater enlarge

ment than this is practically impossible. The much
heralded photographs of Mars taken with such an ex
penditure of time, energy, and money (the original 
photographs cost about a dollar apiece) have. the 
scant diameter of 3/16 of an inch, and the photo

graphic work must be of the very best, and great ob
servational difficulties must be overcome to procure 
even these tiny pictures. 

When the celebrated firm of Alvan Clark & Co. 
made the Amherst lens, they did not intend it for 
photography, and accordingly ground and polished the 
objective so that the yellow and green of the spectrum, 
the colors that most affect the eye, should be brought 
to a good focus. A lens can be considered as made 
up of a series of prisms, and we all have seen how 
the ordinary prisms on a chandelier break up white 
light into its spectrum colors. Thus when a star is 
viewed through a good astronomical telescope, the red 
and blue rays are not sharply focused, and as a result 
the star is surrounded by a beautiful purple color. 
With this color the astronomer is always familiar, but 
it invariably leads the beginner on his first peep 
through a big glass to exclaim "What magnificent 

colors!" If an ordinary photograph were made with 
a visual lens, it would be impossible to get a sharp 
image, for the simple reason that the optician in mak
ing the lens did not grind it with the purpose of 
bringing to a good focus the blue and violet light 
which most affects the photographic plate. This can 
be done by the optician, and we then have a good 
photographic telescope, but a poor visual one. 

If an astronomer happens to have a first-class visual 

telescope, and wishes to take photographs, he has to 
adopt a measure with which we are all familiar in 

landscape work-that of using a ray filter or color 
screen and isochromatic plates. This color screen 
must be used a little more intelligently than is done 
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in landscape work by even the best professional pho
tographers. It becomes necessary to make a careful 

study of the objective, and construct a color screen 
of a very particular kind. Mr. Wallace, of the Yerkes 
Observatory, has done some admirable work in inves

tigating photographic plates and ray filters, and a 
"Wallace screen" and isochromatic plates have been 
found to give splendid celestial photographs with 
visual lenses. 

But consider how the light from Mars must travel 

after it reaches the telescope before an image 3/16 

inch in diameter is obtained on the photographic 
plate; through the objective, through the lenses that 
make up the magnifier, then through the color screen 
to an isochromatic plate. All these several parts must 

be in the best of adjustment and focus, if a good 
sharp picture is to be obtained. But during the ten 
or fifteen seconds that are necessary to photograph 

Mars, its light has had to travel through miles and 
miles of the earth's atmosphere. This, we know from 
the twinkling of the stars, is always in a state of un
rest. The disturbance in the air blurs the photo
graph, and it is next to impossible to get a good im· 
age, one in which the very fine details will stand 
out hard and sharp. The only feasible way of over
coming this difficulty is the method adopted by Prof. 
Todd of making a series of exposures, twenty-five to 
fifty in number, alI' on the same plate. When the 
plate is developed, the few seconds of best seeing will 
be evident from the increased sharpness of the photo· 
graphs. 

Mars was closer to the earth in 1907 than it has 
been at any time since 1892; but unfortunately for 
the observatories of America and Europe, it was very 
low down in the sky. At the beginning of July, when 
nearest the earth, Mars at the Yerkes Observatory 
was never more than 20 deg. above the horizon. This 

necessitated looking through a great thickness of the 
earth's atmosphere. It was to diminish the ill effects 
of this atmosphere that the Lowell expedition went to 
the top of the Andes. 

Prof. Barnard, with his beautiful photographs of 
the Milky Way and star clusters, has shown more than 

any other man the wonderful possibilities of photog
raphy in astronomical work. With the 40-inch Yerkes 
telescope, he made splendid photographs of Jupiter. 

At the focus of this great telescope (over 60 feet in 
length) Jupiter when nearest the earth appears di
rectly as an image 3/16 inch in diameter. When en
largeli five diameters, Jupiter is nearly an inch in 
diameter, just as if it had been photographed with a 
telescope 300 feet in length! 

But Jupiter is more easily photographed than Mars; 
first, because in the telescope it is about twice as big 
as the ruddy planet; and second, because Jupiter's 
surface being about two and a half times brighter than 
that of Mars, a shorter exposure is necessary. To 
get original negatives of the same size from the 
two planets, it would be necessary to give Mars ten 
times the exposure of Jupiter! 

The astronomical world is awaiting with great eag
erness the verdict of Mr. Lowell when he examines 
carefully the Andes photographs. If nothing definite 
is proven this year regarding the canals of Mars, 
there will be another chance to try it again in 1909. 
Then the planet will be even closer than it was this 
summer, but what is more important, it will be 25 

degrees higher in the sky, and this will permit the Lick 

and Yerkes telescopes to turn their full power on Mars, 
and make photographs which with the latter instru
ment will be as large as one-half inch in diameter. 

....... 

THE CURRENT SUPPLEMENT. 

A report upon an elaborate series of tests of inter
nal combustion engines on alcohol fuel has been pre
pared for the Department of Agriculture by Charles E. 
Lucke, Assistant Professor of Mechanical Engineering 
at Columbia University, and S. M. Woodward, of the 
office of Experiment Stations. A generous abstract of 
this report is published in the current SUPPLE�iE"T, 

No. 1663. J. H. Morrison's treatise on the development 
of armored war vessels passes to a twelfth installment. 

The first American ironclad in service and the old and 
the new navy are the topics discussed. Samuel R. 
Bennett describes some improved methods of dust 
prevention in the grinding trades. Alloyed steels, 

such as nickel, chromium, vanadium, silicon, tungsten, 
and the like, are coming into more general use every 

day, for the parts of high-grade machinery which are 
subjected to a high rate of wear, which have to sup

port a great weight, or which are subjected to exces
sive strains, stresses, and vibration. For that reason, 

E. F. Lake's suggestions on the forging of alloys ought 
to prove of value and interest. The use of captive 
war balloons at Casablanca is illustrated and described. 

The injurious effect of light upon the eye is' dilated 
upon by Dr. A. Birch-Hirschfeld. How fresh-water 
fish care for the eggs of their young is described by 

Theodore Gill. Sir George Birdwood writes interest
ingly on the mechanism •• of the southwest monsoon. 
Ethnologists will read with interest W. A. Cook's de
scription of the Bororo Indians of Matto Grosso, Brazil. 
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SCIENCE NOTES. 

The Royal Society of England, with the approval of 
King Edward, has awarded the Copley Medal to Prof. 
Albert A. Michelson of the University of Chicago for 
optical investigation. It has awarded the Davy Medal 
to Prof. Edward Williams Morley of Cleveland, Ohio, 

for his investigations in physics and chemistry, and 
especially for his determination of the relative atomic 
weights of hydrogen and oxygen. 

Dr. J. Schubert, of the Prussian Forestry School at 
Eberswalde, as the result of five years' study of forest 
influence on rainfall, says that of seventeen gage sta
tions in the forest, at the forest's edge, and in the 
open, the forest stations show the greatest, and the 
open stations the least precipitation. Corrections for 
snowfall and for difference in the exposure of the 
gages as regards wind, amount to 5.5 per cent; the 
observed difference in catch being 5.2 per cent. 

San Francisco is suffering from a plague of rats, 
and is offering a bonus for their destruction. Apart 
from the general destructiveness of rats, they carry 
and transmit the bubonic plague, and have often aided 
in spreading pestilence through Asiatic cities. They 
are so prolific that any temporary upsetting of the 
"balance of nature" may result in an enormous in
crease in their numbers. The earthquake in San Fran
cisco doubtless provided them with innumerable safe 
hiding places, and in other ways favored their in
crease. 

M. I. St. Murat, director of the Meteorological In
stitute of Roumania, publishes the results of his study 
of the retarding influence of forests on wind velocity 
in the Annales of the Roumanian Academy. He finds 
that the greatest effect which a forest can have upon 
the wind consists in diminishing the wind velocity to 
leeward of the forest. At 164 feet this decrease in 
velocity may amount to 4 to 7% miles an hour, which 
means a reduction of the force of the wind by one 
degree on the Beaufort scale. This decrease is felt 
within .330 feet of the forest. After that the velocity 
increases again with increasing distance, and at about 
1,640 feet reaches the force noted before the forest was 
encountered. 

An interesting phenomenon recently discovered by 
Marckwaldt consists of an alteration occurring in the 

color of a body under the action of light, while the 
original coloration is re-established in the dark. The 
substances showing this phenomenon are very few in 
number, though, according to communication by Prof. 
H. Stobbe at the recent Congress of German Natural
ists and Physicists, the group of fulgides contains a 
number of substances of this kind. This phenomenon, 
called photo trophy, is of especial importance for chem
ical and physical science, as possibly embodying an im
mediate conversion of light waves into chemical en
ergy. It might become extremely valuable for photog
raphy or for any other art utilizing radiations of a 
similar nature. 

Astronomers are uncertain as to whether comets are 
coming from spaces beyond the limits of our planetary 
system or from this system itself. While the latter 
hypothesi s seemed to be more plausible, the fact that 
a few comets show a hyperbolical trajectory (in oppo-. 

sition to the elliptical or parabolical trajectories of 

the remainder) could not be made to agree with it. 
In a paper recently published, Messrs. Fabry and Fayet 
(see Revue Scientifique, No. 16) show that the de
partures from the elliptical or parabolical shape of 
the trajectory observed in the case of a few comets 
are due to the disturbing effects of the planets of our 
system, especially of Jupiter, whose influence obvious
ly is paramount. According to this statement, all the 
comets that have so far appeared are thus permanent 
astres belonging to our planetary system. 

. ' . .  

OFFICIAL METEOROLOGICAL SUMMARY, NEW YORK, 

N. Y., OCTOBER, 1907. 

Atmospheric pressure: Highest, 30.60; lowest, 29.47; 

mean, 30.06. Temperature: Highest, 73; date, 7th; 
lowest, 36; date, 31st; mean of warmest day, 68; date, 
4th; coolest day, 42; date,' 21st; mean of maximum 
for the month, 59.8; mean of minimum, 45.2: absolute 
mean, 52.5; normal, 55.4; deficiency compared with the 

mean of 37 years, -2.9. 
of October, 61, in 1900. 

Warmest mean temperature 
Coldest mean, 50, in 1876. 

Absolute maximum and minimum for this month for 
37 years, 88 and 31. Average daily deficiency since 

Janu!lry 1, -1.3. Precipitation: 3.82; greatest in 24 
hours, 1.96; date 27th and 28th; average of this month 
for 37 years, 3.70. Excess, +0.12. Accumulated de

ficiency since January I, -1.36. Greatest precipita
tion, 11.55, in 1903; least, 0.58; in 1879. Wind: Pre

vailing direction, N. W.; total movement, 9,227 miles; 
average hourly velocity, 12.4 miles; maximum velocity, 
50 miles per hour. Weather: Clear days, 18; partly 

cloudy, 9; cloudy, 4; on which 0.01 inch or more of 
precipitation occurred. 9. Thunderstorms: 27th, 28th, 
29th. Frost: . light, 16th 19th, 27th; heavy, 21st, 22d, 

25th, 31st. 
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